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Abstract 


For a long time there have been active discussions about the sizable differences between 
|14b|inci & |14b|exci- However, the real |14b|inci might be smaller than usually stated. The 
connection of the worlds of hadrons and quarks (& gluons) is subtle: we cannot ignore hnal 
states with a pair of KK mesons plus pions: R{B Iv it's) + R{B —)■ Iv [KK + vr's)) 
~ R{[bq] —)■ lu u{qiqi + qjqjqkqk---)(j) with q = u,d Sz qi = u,d, s. It might show the limits or 
violations of duality close to thresholds. While inclusive FS cannot be measured, exclusive 
ones can be done soon by LHCb and later also by Belle II about B~^ —)■ DvK^K~ & 
B^ K~'k^. Present data have not given us the information about resonances in 

the region of 1 - 2 GeV that we need to understand the underlying dynamics in AS = 0. 
Future data for exclusive B —)■ /z/tttt might also narrow the gap between |Vu6|inci & |14b|exci 
in the opposite direction. I comment about 5° —)■ DuX^^^AS = —1). 
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1 The ‘Problem’ 


There is a ‘long’ history about the differences between exclusive vs. inclusive senii-leptonic 
decays of B mesons. I focus on i? —)■ Iuti/ p vs. B —)■ leading to |14b|exci < iKiftlmcb 

but only mention B vs. B —)■ luX^. Literature use different tools, which is 


enough for this exercise; for more details one can find it in PDG2014: 

iKfelinci ^ (4.41 ±0.15l°;i5)-10-3 (1) 

iKfelexci ^ (3.28 ±0.29)-10-3. (2) 

It is important to see the details how one needs to produce the numbers [I]: 

iKfelinci ^ 4.42(1 ±0.045exp± 0.034th)-10-3 (3) 

iKfelexci ^ 3.23(1 ± 0.05exp ± 0.08th) • 10-3 . (4) 

It is not clear why one should average these two values. We realize that the situation is 
complex, as you can see in the literatures: 

iKfelexci ^ (3.7 ±0.2)-10-3 MILC (5) 

iKfclexci ^ (3.3 ± 0.3) ■ 10-3 HFAG (6) 

MILG describes form factor of {7r|J^|i?) from LQGD, while HFAG uses exclusive data. 
Furthermore one can probe the ‘golden triangle’ based on correlations leading to: 

iKfel ^ (S.dStg;?;)) • 10-3 GKMfitter (7) 


Some will say these numbers show sizable differences between the values from one ‘camp’ 
on the higher side of 0.004 and those from the three ‘camps’ on the lower one. While 
the central numbers have hardly changed in ten years, the gaps have enhanced. Several 
authors of Refs. [HElla] have thought and worked on both sides of this ‘Problem’. 

Numbers are not always give the best information we can get from the data. In my 
view there are three camps to describe final states (FS) with somewhat different tools: 
inclusive ones from b —)■ ul~9] MILG and HFAG describe similar landscapes with different 
tools; results from GKMfitter are based on correlations with other transitions. 

We can learn from this situation with three options: (a) We do not understand how 
to deal with inclusive transitions, (b) It has been suggested that we might have underes¬ 
timated the uncertainties in R —)■ Iutt. One was discussed in Ref. [2] about disentangling 
observables in B~ ^ 1~9 'k^'k~ . It is not trivial to measure them, but using tools like 
HQET, SGET etc. give us more information, if they are within their limits. It was dis¬ 
cussed also to probe B~ —)■ l~97i~^7r~ based on dispersion relations to get model-insensitive 
analyses [1]. (c) ND is hiding in the correlations & its uncertainties of GKMfitter. 

Personally I find options (c) & (b) very interesting. Maybe I am biased; however, I 
see no reason, why option (a) is a real one. 

I add a comment about a very interesting paper [5]. They are courageous to solve 
both the differences between iWblexci vs. iWblinci and |14b|exci vs. |14b|inci- They found in 


2 


the ‘global’ landscape they considered there is hardly any chance to hnd ND without too 
much impact on the measured widths of Z —)■ bb. 

Instead I focus on |146|exci vs. |14b|inci on a narrow landscape; we have to measure 
semi-leptonic decays of B mesons with two & three light hadrons in the hnal states (FS). 
My main point is that ’’duality” is more subtle. Thus I do not give up on option (c) yet. 

We can use heavy quark parameters extracted from B —)■ luXc- It is not trivial, but 
we know how to do it. There is another challenge, namely to compare B^ —)■ vs. 

B^ —)■ 1^pX~ [6]. It is not easy, but there is a prize: probing the impact of ‘weak annihi¬ 
lation’ (WA) give us novel lessons about non-perturbative QCD (and more). Furthermore 
F(i? —)■ IvXy) are under better theoretical control than F(i? —)■ luXc) in the SM, since 
the expansion parameter is smaller (— vs. —-—), and 0(al) corrections are known. 
In the real world there arise more challenges: to distinguish b ^ u from huge b ^ c 
backgrounds one applies cuts on variables like charged lepton energy Ei, hadronic mass 
Mx and the lepton-pair invariance mass q‘^ to ‘manageable’ proportions. We have learnt 
from detailed analyses of radiative B —)■ decays [7]. Furthermore one has to deal 

with other backgrounds that are not connected with the production of beauty hadrons. 

BaBar and Belle have measured the energy of the charged lepton in the region of ~ 2.0 
- 2.6 GeV. When one gets close to ~ 2.0 GeV from above, it is more difficult to measure 
that. Below one has to depend on the extrapolation down from the measured region; one 
expects a long tail of \Vub\ amplitudes. The questions are: how much and where. The 
state-of-the-art theoretical tools had been applied to Mx & in i? —)■ InXu & also in 
B —)■ yXg and discussed in details [S|. Measuring the hadronic recoil spectrum up to a 
maximal values captures the lion share of the b ^ u rate if is below 1.7 GeV; 

yet it is still vulnerable to theoretical uncertainties in the low-g^ region. One can think 
to apply combinations, and it has been done for |14b|inci in the world of quarks [8]. 

It has been suggested to measure semi-leptonic B —)■ /z/tttt ^ to test the number of 
iWblexci from B ^ Inn using dispersion relations. This class of tools has a long history to 
describe three-body FS with strong & electromagnetic forces (including chiral symmetry) 
like ?7 —?■ Stt or Trvry. 

The usually stated value of |14b|inci is based on ’’duality” in HEP. In this paper I 
suggest that its real value might be smaller and thus narrows the gap between | 14 b|exci 
and iWblinci: in semi-leptonic decays of B mesons might not enter the region where semi¬ 
local duality works with good accuracy. The reason? To be honest: good/bad luck due to 
threshold(s) in the region of 1 - 2 GeV with resonances with AS = 0 decaying to KK plus 
tt's produce unusually impact. I cannot predict that, but miracles can happen - rarely. 
After working hard and with successes about semi-leptonic inclusive rates, I cannot give 
up easily; instead I suggest we have to follow the data in several ways, which I discuss 
below. There is another challenge, namely to discuss the different ‘cultures’ in Hadrody- 
namics & HEP and their dehnitions of the item ’’duality”. Still fundamental dynamics are 
formulated in the world of quarks, not pions, kaons & and their resonances; therefore 
’’duality” means for connections between the worlds of quarks & hadrons. 
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2 Duality: subtle tools & their limits 

Operator Product Expansion (OPE) combined with heavy quark expansion (HQE) have 
been applied to quantify non-perturbative effects in a number of important processes 
since the early 1980’s [9] including heavy flavor hadrons. These papers and others had 
mostly focused on inclusive 6 —)> c amplitudes for semi- & non-leptonic decays of beauty 
hadrons with final states (FS) of D and resonances D*, D** etc. and the perturbative 
domain. Later OPE & HQE had been applied also to 6 —)■ u amplitudes with very refined 
tools like in Refs. [8] and others. Often the impact of WA amplitudes was ignored, but 
not in Ref. [8]. It might produce a difference in the endpoint of semi-leptonic vs. 
transitions; however present analyses show little impact of WA m^- 

It was explained in Ref. m in the beginning of this century why duality cannot be seen 
as additional assumption beyond quantum held theory. The landscape of quark-hadron 
duality can be subtle: in the regions of thresholds one has to apply semi-averaging (or 
‘smearing’) duality in intelligent ways with a well-known example: we describe e+e“ 
HcH'^+ light havor hadrons in the region of "0(3770): below we have two very narrow 
resonances '0(15') & '0(25'). Pairs of open charm mesons appear just below -0(3770).Thus 
there are two gaps in the description of hidden & open charm hadrons: a small one 
between 0(25) & just below 0(3770)-a large one between 0(15') & 0(25'). In the world 
of charm quarks with ~ 1.3 GeVu without gaps in the world of quarks d. It tells us 
that we have to use semz-averaged duality over a region ~ 1 - 1.5 GeV in the world of 
quarks. Do we have enough space to describe well semi-leptonic decays of beauty mesons 
Still duality gives unitarity in subtle ways. 

In the world of quarks one uses amplitudes T{[bq] —)■ l~i>uq) to describe inclusive 
transitions in T(i? —)■ l~i/[7r's + KKir's]). Of course, it is easy to add internal pairs of 
u, d h s (anti-)quarks to connect with the world of hadrons. As hrst guess one might 
suggest ratios of ■uu/dd ~ 1 and ss/'uu ~ 1/3 — 1/2. It is naive to say that ~ 14 - 20 % 
of the FS comes from {us){sq) and therefore for KK+ pions. Anyway, it enhances the 
averaged mass of A„(A5' = 0, —1). We have a better understanding of that due to mixing 
of (0|'dM|0), (0|dd|0) between (0|ss|0) with scalar resonances that are not OZI suppressed 
jl3j . but so far not quantitatively. Its impact could be smaller. However, the landscape 
is even much more complex. 

Since I had worked with applying OPE & HQE (and trust them), I might be seen 
as biased; however, I know that experienced HEP people have thought about them and 
discussed without solving the ‘Problem’ [1]. It seems it could be a good time to look at 
unusual ways, although the probability to solve that is sizably less than 50 % as I admit. 

^ PDG2014 gives us for the charm quark nic = (1.275 ± 0.025) GeV. 

^As well known the definition of quark masses is subtle. We cannot use pole masses as explained in 
details [12]; instead we have to use scale depending value like for ‘kinetic’ quark masses. 
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3 Idea about a new road 


Decays of i? —?■ + Xc give mostly described by a few hadrons in the FS, namely D, D* 

and narrow D** resonances. The situation is more ‘complex’ in 5 —)■ + decays with 
many hadrons in the FS (and large background). I ‘paint’ the landscape (when I refer to 
diagrams) to make the value of |14b|inci smaller. Of course, the ‘primary intermediate’ uq 
(with q = u,d) produce ‘secondary’ uqiqtqjqj.-.q & qtj ones with u,d,s before they give 
FS KK + it's with non-zero probability due to (strong) final states interactions (FSI) (or 
re-scattering). The question is what does that mean quantitatively? 

Adding a pair of ss to intermediate uq (or ussqiqiq ...) is one thing, but understanding 
the dynamics is quite another thing. Resonances happen and have impact; one cannot 
describe that with local operators in general. Close to thresholds we have to deal with 
semi-averaged duality; its impacts are less predictable. They depend on the features of 
the FSI, not just their existence B 

Data list in PDG2014 show BR(i?°’+ -)■ /+z/X„(AS' = 0)) ~ 2-10“^. However, they de¬ 
pend on extrapolations down from the measured region. Most people think that inclusive 
semi-leptonic decays of mesons consist basically of FS with only pions (-1- I talk 
about the combination of two items: (i) AS = 0 resonances that produce a pair of strange 
mesons plus pions in the region of 1 - 2 GeV. (ii) Their impacts might be enhanced being 
close to thresholds. Those can go to —)■ K~/Ks'n'~/K~K sti^//...] 

and R° —)■ K~it~ /K~Ks7T^'n'~/...]. I focus on FS that LHCb collab. can probe. 

3.1 Impact of KK, KKtt etc. resonances 

Obviously LHCb cannot measure inclusive transitions. Maybe also Belle H cannot solve 
the challenge of ”|146|inci” > |Fufe|exci directly. I suggest that limits or violation of duality 
can be larger than expected due to combine two items: resonances produce sizable pairs 
of KK & KKtt can be enhanced by being close to thresholds. Maybe just luck? Re¬ 
scattering [ia[l5l[l6] is crucial for uu ss, sqqs etc., which are not described by local 
operators. It seems to me unlikely to measure inclusive decays B luKK + tt'^s due a 
huge background from B —)■ luXc and other sources. 

3.1.1 Exclusive semi-leptonic decays with AS = 0 

So far we have measured exclusive rates with a (pseudo-)single hadron in the FS including 
well-known resonances: 

BR(R+^ Z+z/w) = (1.19 ±0.09) ■ 10"^ , BR(R+^/+z/p°) = (1.58 ± 0.11) ■ 10”^ 

BR(R+ ^ /+z/7r°) = (7.80 ± 0.27) ■ lO"® 

BR(R+ ^ l^uT]) = (3.8 ± 0.6) ■ 10“^ , BR(R+ ^ tur]') = (2.3 ± 0.6) • lO”® (8) 

It was pointed out in Ref. HZI that a more definite conclusion has not been found yet 
about the impact of gluonia contributions to amplitudes. In my view that is not an 

•^Actually the definitions of limits or violations of duality are fuzzy. 
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academic discussion. I will come back to that item below 0. 

BR(5° ^/+i/7r-) = (1.45 ± 0.05) ■ 10"^ 

^l+vp-) = (2.94 ± 0.21) ■ 10“^ (9) 

Both & B^ produce around 20 % of the inclusive ones in measured exclusive ones. 

On the other hand multi-body FS give around 80 % including both narrow & broad 

resonances. 

Diagrams show with q = u,d, added pairs of (anti-)gjj^fc = u,d,s in the FS and connect 
with hadrons: 

[bq] lu [uqi][qiq] ~ B ^ If {tttt/KK) 

[bq] If uqiqiijjqjq ~ R —?■ If {^n/KKn) 

[bq] ^ If uqiqiqjqjqkqkQ - BIf [An/KK2 tt) (10) 

Some of my comments are based on hand-waving arguments now, but not all. 

(a) In these quark diagrams I use instead of the usual to emphasize the 
impact of FSI; in general those cannot be described with local operators. 

(b) I expect that LHCb can probe B^ —)■ l^fK^K~ and B^ —)■ l^fK^K~Ti~ on the 

level of branching ratios of a fewxl0“^. It might narrow the gap between |I4b|inci and 
iKiftlexci claimed before. If nothing was found there, it is the end of my idea. However, 
z/LHCb will hnd non-zero data about l^fK^K~ & —)■ l^fK^K~'K~, we have 

to think how much values we expect from limits or violations of duality. It is possible 
to predict B IfKK decays; however it would need large work analyzing such FS like 
based on dispersion relations (& hoping to apply chiral symmetry). I do not suggest to 
work on a project, unless new data show the roads to understand such exclusive FS. 

(c) We cannot stop at tt, p, cu & We have to analyze tttt in general as pointed 
out Em; likewise to go beyond oj. Measuring exclusive B —)■ /■'“//[STr, dvr] would help our 
understanding of duality semi-quantitatively and its limits at least. 

3.1.2 Future data about resonances with AS = 0 

Actually there are still different roads leading to the goal. The PDG2014 shows that there 
are many resonances in the region of 1 - 2 GeV that could contribute in this landscape. 
Actually there are four classes now: 

• One basically produces only pions. 

• The second one gives some KK pairs like /2(1270), /i(1285), 02(1320), /o(1500). 

• The third one mostly contributes the leading source of KK pairs like <5(1020), 
/i(1420), p(1475). 

^ The landscape of Ki/pp, —>■ Bfpp, > BvppK^ is very interesting about the impact 

of FSI & non-perturbative QCD, but these data show no impact on measuring iWhlinci- 
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• There is a fourth one, where we know little about the landscape: ai(1260), ?7(1405), 
ao(1450), 772 ( 1645 ), /o(1710), 7r(1800), /2(1950). We need more data at low energies 
and probe with rehned analyses. 

It might show the connection of low energy collisions of strong forces with weak dynamics. 

More data and/or analyses can change the situation up or down about FS with a pair of 
K Sz K. Actually it might also give new information about the impact of gluonia contri¬ 
butions to 77 ^') amplitudes mean that | 14 b|inci is smaller than claimed; i.e., the discussion 
of 77 *^'^ wave functions im enters a new stage here. 

3.2 Another comment about diagrams 

We have some experience about the complex landscapes of diagrams vs. local operators. 

We can describe transitions of qq ss, q = u,d with a local operator and used for 
s —)■ qqs or g —)■ ssq. However the situation is very different for suppressed semi-leptonic 
B amplitudes. Diagrams can show (strong) re-scattering [HI [151 HE]. However the latter 
cannot be described with local operators, while the impact of re-scattering is crucial. 

We can see other examples from non-leptonic transitions, namely to look at the data 
of H ^ 277, Stt & 47 r: BR{B^ Tr+Tr") = (5.12 ± 0.19) • lO”®, BR(H° ^ p°7r°) = 

(2.0 ± 0.5) ■ 10-®, BR(H0 ^ p^TT^) = (2.30 ± 0.23) • 10“^ BR(R0 ^ 277+277") < 1.93 • 10"^ 
and BR(i?+ —)■ p°77+) = (1.52 ± 0.14) ■ 10"®. It hardly suggests we can describe this 
landscape with local operators. 

3.3 Exclusive semi-leptonic decays with AS = — 1 

So far we have hardly any information about BR(R° —)■ /+i/X/®)(A5' = —1)) - actually 
even for predicted rates: Xjf\AS = —1) = [K~/Ks'n'~//K~K~^K~/K~K sK~^'k~/...]. 
Can one hnd B^ —)■ l^vK~K~ due to re-scattering? Possible, however PDG2014 shows 
no sign for resonances in the region of 1 - 2 GeV leading to hadronic FS with KKK (ex¬ 
cept 0) and KKKti. Of course, we have to probe B^ —)■ /+z/JF"7r+7r". It was pointed out 
to analyze B^ —)■ BuK*~ and compare with B —)■ K*l^l~ [18]. Furthermore we have to 
include also broad resonances. 

The landscape of suppressed semi-leptonic B^ decays is simpler than in i?°’+ ones. 
Therefore one can compare the numbers |Fub|inci vs. |Vub|exci from B^ decays with |Fufe|inci 
vs. iKfelexci ones. 

3.4 Short comment about A® — l~iy[p...] 

It is unlike that Belle H will go after beauty baryons. However, LHCb has measured 
BR(A° —)■ p~vp) = (3.9 ± 0.8) • 10"^ [IE]. It is the hrst semi-leptonic suppressed decays 
of heavy flavor baryons in general. That is quite an achievement itself. 

On the other hand I am not sure about the value given \Vub\ = (3.27 ± 0.15 ± 0.17 ± 

0.06) TO"® is close to real value. It depends very much what LQCD gives us quantitatively. 
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It has to be tested by measuring ^ I u pvr+Tr , / z/ pK~^K , but we should not just 
trust simulations. 

3.5 About the future of dispersion relations 

If transitions of B~ —)■ l~V 7r^7r~/K~^K~ and/or —)> l~9 K~tt^ were 

found, we make a strong case to use rehned dispersion relations to predict semi-quantitatively 
[T3l [2010]. As said before, it makes much more work and time, but it would be us a prize, 
namely to change a idea into an understand not only non-perturbative QCD, but solve a 
problem about the connection of the CKM matrix for flavor dynamics. 

The authors of Ref. [1] made reasonable assumptions. However in my view they are 
not truly model-independent now. For examples: (a) They assumed that are describe 
by QiQh but not with two (constitute) gluon states; it was pointed out in Ref. [T7] that 
we need more discussions & more data, (b) Can one ignore re-scattering mi ^ KK on 
the very limited parts of the FS? It is an item about duality. It was pointed out in very 
recent review Ref.[T] in details about |Fufe|inci- Of course, Ref.jlj was submitted before the 
review ’’The Physics of the B Factories”; however, the very active discussions have been 
going on about very subtle items for a long time. 

It seems to me that the meaning of ‘duality’ is somewhat different in the world of 
hadrodynamics. For example, one can look at diagrams like ss —?■ /o(980) —?■ tttt; one can 
try to describe them with ’’effective operators”, but only in a small region and depend on 
chiral symmetry, not in general. Or one can discuss spectroscopies of /}(*)/)(*) or 
close to thresholds [21]. It is not clear to me, why one can use bare poles of heavy 
flavor mesons, when one goes for accuracy; it is the opposite for the world of quarks. 
Furthermore the situation is much more subtle, when one discuss weak transitions. Or 
one can look at the diagrams in Fig. 2 of Ref. [4]; hadrons are shown there, but not 
(anti-) quarks. 

Even so, it shows the bridge between Hadrodynamics and HEP, but ”a lot of water 
has still passing under the bridge”; i.e., it needs much more work, but also connections 
between Hadrodynamics and HEP. 

4 Summary 

The difference between iFufelexci vs. |14b|inci values seems to be sizable after many discus¬ 
sions. I suggest that real value of |14b|inci might be smaller and makes the gap smaller 
with iKiftlexci- My main points are: 

• The landscape of SM suppressed semi-leptonic B —)■ luXu is more complex than 
expected before and more subtle due to the limits or violations of duality close to 
thresholds. 

• There is not a true prediction. This idea can be found to be incorrect, or its impact 
is tiny - or it has a chance to put us on the right roads. If so, we cannot ignore 


FS with KK, KK + vr’s in general, although their rates are smaller than with vr’s. 
One can describe this landscape with somewhat different words: Re-scattering/FSI 
is important due to non-perturbative QCD. 

• I am not saying that these inclusive ones can be measured now or ‘soon’. However 

in the future LHCb and later Belle II can test this idea by probe exclusive one, 
namely —)■ Z+z/iF+iF” & —)■ K~'k~ and maybe ^ l^vK~K~. 

Those enhance the averaged mass of JF„(AS' = 0), have impact of and F(i?°’+ —)■ 
luXu^AS = 0)), ^F(H°’+ —)■ luXu) -H- low orders of moments. We can do it also 
for X^^\AS = —1) in different landscapes. 

• There are very good reasons to probe light resonances of AS = 0 with sizable impact 
of pairs of KK in the region of 1 - 2 GeV with more data and more refined analyses. 
It might narrow the gap between iWhlexci vs. iFuhlind- 

• Exclusive —)■ /z/3 7r/4 7 r/7 r?7^'^ have to be probed as much as possible, although 

the impact of thresholds is less. 

• The future situation is simpler for B^ —)■ KuX^\AS = —1). I see no reason 
why 5° —)■ Ki>K~K~^K~ give sizable impact on our understanding of fundamental 
dynamics. I think, we might hardly see a difference in measured values of |14b|inci 
vs. | 14 b|exci in suppressed semi-leptonic B^ decays. 

• Model-insensitive analyses are the important second step, but not the hnal one. 
Experience tells us before that the ‘best’ htted analyses often do not give the best 
understanding of the underlying dynamics. The situations is probably different for 
bb, cc and in particular ss states close to thresholds. The landscape of ’’hadron-quark 
duality” is much more complex, namely the connection or not of local vs. non-local 
operators. Often ’’effective operators” are used; however often their impact are not 
clear (at best) beyond diagrams. It was mentioned in the ‘Preface’ of the Memorial 
Book for Kolya Uraltsev [3] and discussed in some contributions there. 

• We have refined theoretical tools (like dispersion relations) to apply to solve the 
’’Problem’ in the difference of |14b|inci vs. |14b|exci- However, it takes a lot of work 
to do that one way or another. It would not be fair to suggest a large project 
about inclusive transitions, unless we have data from exclusive ones showing that 
we are on the correct ‘road’. Furthermore we have to measure B^ —)■ Ki>K^K~ and 
B^ —)■ KiyK^K~Tr~; likewise for B^ —)■ KpK~ & 5° —)■ KvK~K^K~ and compare 
the results. 

At least we get novel lessons about non-perturbative QCD - and possibly beyond. These 
suggestions fall first on the shoulders of my experimental colleagues. It is not unusual 
how theorists work. 
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